Abstract. In order to satisfy the planting requirements of vegetables in north cold area of China, an automatic monitoring and controlling system of greenhouse interior environment was developed. By synthetically considering the temperature, humidity, illumination intensity, CO 2 concentration, and their mutual influences, the system adopts an environmental regulation method based on set point control to automatically control the internal environment of the greenhouse. The system could provide a long-term stable tool to measure and analyze the environmental information in greenhouses. The test showed that the temperature in greenhouse could be maintained at the needed level while the relative humidity and illumination intensity could be controlled within the suitable scope as well.
Introduction
The greenhouse system is regarded as the innovation of modern agriculture that provides crops with the favorable environmental conditions [1] . A greenhouse is a closed environment that can be actively controlled to improve the crop yields [2] . Therefore, monitoring and regulating the greenhouse environment is very important for growing crops in the greenhouse. There has been a rich literature focusing on the monitor and control problem in the greenhouse [3] [4] [5] [6] . In [3] , with deployed wireless sensor networks (WSN), the system automatically collect greenhouse environmental information and crop growing information, then transmits the data to a remote database, and uses the Web to monitor the greenhouse. In [4] , the Genetic Algorithm (GA) and Particle Swarm Optimization (PSO) algorithm has been introduced into the greenhouse environment monitor system, and the parameter reduction dimension in the greenhouse environmental control model was realized. In [5] , a high-level multi-objective optimization method was studied to achieve greenhouse control. In [6] , climate simulation was conducted for artificial growth box and greenhouse with temperature gradient, and the crop response under simultaneous/separate effects of temperature, CO 2 concentration and water utilization were studied. The system proposed in this paper is designed based on the greenhouse environment information collection and automatic control, aiming to improve the crop growth environment and improve crop quality.
System Architecture
The greenhouse is an agricultural technology that can change the environment in which plants grow. According to the optimal growth conditions for crop growth, the greenhouse climate is adjusted to meet the needs of plants throughout the year. There are many environmental factors that need to be noticed during the growing process of crops. The main factors affecting the greenhouse environment are temperature and humidity, illumination intensity, and carbon dioxide concentration as the monitoring targets. The greenhouse system consists of micro-controller, sensors net, control module and GPRS-DTU. The overall structure is shown in Fig. 1 . The system was structured based on STM32F103ZET6 microprocessor which realizes the collection of greenhouse environmental parameters and the control of the implementing agency. Then, the environment parameter data were sent to the server of monitoring center via GPRS network. Finally, the remote monitoring system can store data and analyze data. Sensor. The sensor is the main part of greenhouse automatic control system. The system mainly implements corresponding control actions based on sensor feedback information. Therefore, the stability, accuracy, and cost performance of the sensor will directly affect the function and cost of the whole system [7] [8] . The sensor is encapsulated in the waterproof case of the louver box. Meanwhile, in order to prevent the high humidity environment in the greenhouse from affecting the sensor and measuring circuit, a waterproof and air-permeable treatment is performed on the plastic enclosure. The sensor parameters of the system are shown in Table 1 . Data Collection. The sensor net consists of microprocessors, sensors and RF module. The structure diagram of data acquisition is shown in Fig. 2 . The working process of the data collection is: first, sensors collect information of environment parameters, second, data are sent to the STC12C2052AD processor, and finally data are sent to the STM32F103RCT6 processor through wireless radio frequency module. the built-in TCP/IP protocol stack make it easy to use the TCP/IP protocol easily. It provides two types of operation mode: data transparent mode and the AT command mode. According to the characteristics of this system, the data transparent mode is selected to realize remote data transmission, once the connection is established under transparent mode, the module will be in data mode. All data received from serial port will be treated as data packet to be transferred later, as well all data received from remote server will be sent to serial port directly. This system takes the PC as a server, which connected to the Internet, the IP of PC must be a public network IP address, GPRS module as the client, the MCU control the GPRS module to send a TCP connection request to the server via AT commands, a dynamic IP address will be assigned to the SIM card inside of the module, then the data collected by sensors are sent to the PC through the IP address. Finally we store data into the database for further analysis. The structure diagram of data transmission is shown in Fig. 3 . Lower limit < Temperature < Higher limit Lower limit < Humidity < Higher limit Lower limit < Humidity < Higher limit Lower limit < CO 2 concentration < Higher limit Lower limit < CO 2 concentration < Higher limit Lower limit < Illuminance< Higher limit (5) According to the data collected from the sensor and the set value to determine whether to turn on or off the corresponding device; (6) The device operation situations and all data in the above total processes are stored in a database. The Circuit of STM32. The hardware circuit of this system is mainly based on STM32. Since the selected sensor and GPRS-DTU are all RS485 communication methods, STM32 receives data and sends data to the data through USART2. The wiring diagram of partial schematic diagram of STM32, usart2 circuit, key circuit is shown in Fig. 5 . Among them, GPIOC0-3 is connected with 1-4 of the four relays respectively. GPIOPE2-4 and PA0 are 4 keys that control the transformation of high and low level of 4 pins respectively to control the switch of the relay.
Finally, the program of STM32F103 microcontroller is programmed and compiled through MDK5 software environment, and then the file is downloaded to microcontroller through the ST-LINK simulator. 
Conclusions
In this paper, the greenhouse environment monitoring system based on 32-bit processor, wireless RF technology and GPRS is studied, realizing four functions of data collection, data transmission, data storage and data processing. Preliminary experimentations showed that this system met the application requirements of greenhouse monitoring system excellently, and had the advantages of low power consumption, simple structure and strong. Through a large amount of data obtained from the system, the establishment of greenhouse crop growth model that describes the relationship between external variables and plant environment will be the focus of future research.
